Background. Risk factors promoting rhinovirus (RV) infections are inadequately described in healthy populations, especially infants.
Introduction
Respiratory tract infections can affect lung function and lung growth, especially in infants with developing respiratory and immunologic systems [1, 2] . Human rhinoviruses (RVs) are the predominant respiratory tract pathogens during the first year of life, leading to significant short-and long-term burden of disease [3, 4] . RV-associated wheeze during early childhood has been linked to later development of asthma, especially in high-risk children with a family history of atopy or genetic predisposition [5] [6] [7] . Underlying mechanisms are unclear. RV infections might either predispose infants to the onset of wheeze and asthma, or merely unmask pre-existing susceptibility for later asthma based on other risk factors [8] . On the other hand, asymptomatic RV infections are common and not necessarily associated with subsequent wheezing [7] . A major goal for future research efforts should therefore be to identify host and environmental factors that promote RV illnesses and associated respiratory morbidity in early childhood [5] . To date, most studies investigating RVs have been performed in ill, usually hospitalized, and high-risk infants or in infants from selected populations of a wide age-range [4] . As it is difficult to interpret results drawn from high-risk groups, studies in unselected healthy cohorts with regular surveillance of RV infections in both children with and without respiratory symptoms are required. In this study, we aimed to obtain reliable data on the prevalence of RV respiratory tract infections with and without respiratory symptoms during the first year of life, and the association with host and environmental factors in otherwise healthy infants, enrolled in a prospective birth cohort [9] .
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Materials and Methods
We consecutively studied 41 healthy infants from the ongoing prospective Bern Infant Lung Development (BILD) cohort study (www.birthcohorts.net) [ we performed lung function measurements and assessed risk factors in pre-and perinatal history by personal interview using standardized questionnaires [9] . During the first year of life, weekly nasal swabs were obtained and study nurses performed weekly standardized telephonic interviews to assess respiratory health (for details see We performed diagnostic virology at the Virology Laboratory of the University's Hospital in Geneva. Samples were analyzed by separate qualitative Taqman real time polymerase chain reaction (RT-PCR, One-step-Kit, QIAGEN, Hilden, Nordrhein-Westfalen/Germany) using primers and probes encompassing the UTR region, as previously described [10, 11] . This assay detects all known human rhinoviruses, including the recently described rhinovirus C types.
Research nurses weekly assessed the child's respiratory health status during the week the nasal swab was taken by telephonic interview [9] . Using a standardized questionnaire [12, 13] , lower respiratory symptoms (cough, wheeze, and breathing difficulties) were assessed during daytime and nighttime hours and graded into a symptom score with high sensitivity for lower respiratory tract symptoms ( 
Results
We recruited 41 healthy, term-born infants and intended to follow them for one year with a mean (range) follow-up of 42 (7-47) weeks. All children were initially breastfed while only part of them attended nursery care. For distribution of remaining risk factors see Table, one RV-positive sample during the study period with a maximum of 23 (median number of Figure 2b ). The seasonal effect was partly mediated by outdoor temperature. After adjustment for both season and temperature, only autumn months remained significantly associated with RV infections (Tables 1 and Table, 
Discussion
This birth cohort study is one of the first providing longitudinal surveillance of RV infections combined with a prospective monitoring of respiratory symptoms in healthy infants during the We found that RV prevalence was associated with the presence of older siblings and nursery care attendance, both reflecting a high RV exposition. These findings are corroborated by other studies [19, 20, 34] . In addition, we report a strong association between prevalence of RV infections and particular months of the year: during March, June, and September -November, infants had a higher likelihood for RV infections compared to the rest of the year. This parallels other reports of RV peak prevalence in spring and autumn [3, 18, 35 ] and decreased detection rates in winter [36] . The seasonal effect is partly mediated by outdoor temperature, as after adjustment for both season and temperature, only autumn months remained significantly associated with RV infections. This suggests that especially in autumn months additional factors like e.g. crowding effects might play a role [35] .
Several characteristics were associated with respiratory symptoms during RV infections.
Infants during the first three months of life were less likely to be symptomatic during RV infections, despite no age effect being observed for RV prevalence. This parallels other studies reporting that infants with RV-associated respiratory disease tend to be older [29, 37] .
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adaptive mechanisms or immune reactions to prior infections, so our results might reflect the protection of young infants by maternal transferred immunity. The negative association between maternal atopic disease and respiratory symptoms during RV infections is a novel finding. Even after adjustment for infant age, this effect remained significant, and was confirmed in sensitivity analysis using only severe symptoms as outcome. We compared smoke or pet exposure, (duration of) nursery care and duration of breastfeeding between the two groups of infants of mothers with and without atopic disease, regarding the possibility that atopic mothers might limit the exposure to factors favoring respiratory infections in their infants. No difference in the exposure was found between the two groups (data not shown),
suggesting that there was no effect of "limited exposure". However, the available numbers of children for these comparisons were rather small. Results need to be interpreted carefully, as numbers are small and data from high-risk populations describe maternal atopy as a strong risk factor in infants for virus-associated wheezing and subsequent childhood wheeze or asthma [5, 7, 19, 38] . Studies in healthy infants suggest that an atopic disease of the mother is 
susceptibility to respiratory infections due to possible underlying pulmonary pathology can, however not be disentangled in this study. Study numbers are small and our results will have to be confirmed in larger cohorts with a follow up later in life, to assess possible associations with long term respiratory morbidity.
Outdoor temperatures with highest rates of RV infections (moderate temperatures) and RV-induced respiratory symptoms (cold temperatures), respectively, did not correspond. A recent study also reported that the peak prevalence and peak severity of RV infections did not temperatures cannot be disentangled in our study.
When interpreting the results of our study some aspects need to be considered. A major strength of this study is that data assessment was not restricted to periods of illness, clinical hospitalizations, or scheduled visits. The study provides longitudinal data on RV prevalence regularly and prospectively assessed on a weekly basis irrespective of symptoms. To assess respiratory symptoms in telephone interviews, we used a standardized questionnaire, assuring a high level of data completeness and standardization. The prospective design of our study reduced the risk of recall bias and reverse causation. Despite a total of 1259 paired observations, only 41 infants mostly from small families of higher socioeconomic class were included. This resulted in low numbers of infants exposed to certain risk factors, e.g. only 15% had been exposed to environmental tobacco smoke, or 19.5% of mothers were atopic.
Results involving these small subgroups will have to be confirmed in larger cohorts or different populations, respectively. Second, other infectious agents apart from RVs were not In our study sequencing of RV species and (sub-) types was not performed, thus no firm conclusions on differences between RV strains can be drawn. In a different sample of the BILD cohort, however sequencing of RV-positive samples was done to determine RV species and types. In this cohort, RV-A and RV-C were almost equally frequent (38% and 39%, and in the final model).
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